Introduction {#S1}
============

Independent mobility has been proven to improve motor, social, emotional, language, cognitive, and perceptual development in young children with typical development ([@B1]--[@B3]). According to the ecological theory, independent mobility guides a child's perception to explore the surrounding environment and perceive relevant information through the perception--action cycle ([@B2], [@B4]). In the context without social interaction, independent mobility plays an important role in exploring the environment (e.g., being aware of heights, avoiding obstacles, and hiding) ([@B2], [@B5]). When becoming more social, children with independent mobility have more opportunities to interact with their parents or peers and participate in quality play (e.g., moving with peers, actively sharing toys, and initiating play with peers) ([@B6], [@B7]). Independent mobility increases opportunities for social participation, which facilitates their social development ([@B8]--[@B10]).

Young children with motor disabilities and limited independent mobility are at risk of secondary impairments, such as cognitive delay and atypical social function ([@B11]--[@B13]). Literature has shown that the use of power mobility devices (PMDs) is safe and beneficial for motor and cognitive development in children with motor disabilities younger than 3 years ([@B14]--[@B16]). Livingstone and Paleg ([@B17]) suggested that power mobility may address secondary effects, such as impaired socialization in very young children who cannot move and explore independently; nevertheless, evidence of the benefits for social skill development is limited and weak. Studies have found that the novel application of modified ride-on toy cars in home- or hospital-based environments might enhance independent mobility, motivation, and social function in young children with motor disabilities ([@B18]--[@B21]). However, Huang and Chen ([@B18]) found no significant differences between a ride-on car training and regular therapy group, although social functioning increased significantly in the ride-on car group.

Other studies have also reported that strategies allowing mobility and socialization intervention were important for improving motor and social functions in young children with disabilities ([@B12], [@B22], [@B23]). Evidence has suggested the combination of ride-on car training with a structured, adult-directed, social interaction program should be considered and may be beneficial for promoting socialization in various environments ([@B17], [@B18], [@B23]). In addition, caregivers' involvement in the ride-on car training program may also help to decrease caregivers' stress and provide an appropriate learning strategy for children ([@B20], [@B21], [@B24]). A similar concept applied in a family-centered service, which emphasizes coaching and cooperating with caregivers, increases treatment effects and helps participants to generalize learned skills to their natural environments ([@B25]). It is believed that the application of a family-centered approach in early intervention (EI) programs enhances functional performance of the child and caregivers' empowerment (i.e., understanding their children better and having better control of the children) ([@B26]). Previous studies have integrated the caregiver's role in ride-on car training and suggested the use of standardized measurements to assess outcomes of goals set by the family (i.e., Goal Attainment Scaling) ([@B18]--[@B20], [@B27]). Although some findings support the notion that ride-on car training may decrease parenting stress ([@B18], [@B20], [@B21]), these results must be interpreted with caution due to the lack of a control group with similar treatment dosage and mobility and social function goal setting.

To date, no study has examined the effects of using ride-on cars with the combination of structured, adult-directed, social interaction program on improving mobility, and social functions in young children with motor disabilities. The long-term effects of the ride-on car training on these functional outcomes also remain questionable. Therefore, the aim of this study was to examine the effects of combining ride-on car training with a social training program in a hospital-based environment on mobility, social function, parenting stress levels, and goal achievement in young children with disabilities and their families. This study also included a 9-week follow-up phase and a control group that involved home education program with similar treatment dosages and goal settings. We hypothesized that the ride-on car training group would show more benefits in mobility, social function, parenting stress, and goal achievement compared with the home education group, and that the combined use of ride-on car training and a social skill training program is an alternative treatment for enhancing psychosocial function in young children with motor disabilities.

Methods {#S2}
=======

This study used a prospective, nonequivalent pre--posttest control group design ([@B28]). The study duration for each participant was 18 weeks. Assessments took place on three occasions in the assessment room at a university: before and after the 9-week intervention, and at the end of the 9-week follow-up phase. One licensed occupational therapist (OT) blinded to the study hypotheses was responsible for treatment. Assessments were performed by another licensed OT who was not involved in the treatment or data collection and was blinded to which group the children belonged. The participants were recruited from Taoyuan and Linkou Chang Gung Memorial Hospitals and the community (e.g., health-care practitioners or self-referrals) in Taoyuan and Taipei, Taiwan.

Participants {#S2-1}
------------

Participants in the study were 29 young children with disabilities aged between 1 and 3 years, including a group who received ride-on car training combined with an adult-directed, social interaction program (*n* = 15) and a group who received a home education program (*n* = 14). The inclusion criteria included the following: (1) motor delays (SD \> 1.5), assessed according to the Chinese Child Development Inventory ([@B29], [@B30]) in the Early Intervention Child Development Joint Evaluation Center (providing relevant developmental assessments to determine the child's developmental status and if the child requires EI services), resulting in motor impairments that prevented functional independent mobility, such as rolling, crawling, and walking; (2) age between 12 and 36 months old; (3) the ability to tolerate sitting with support for 30 min; (4) the ability to reach objects with either one or two hands; and (5) approval of the caregivers to participate at Taoyuan Chang Gung Memorial Hospital. The exclusion criteria included the following: (1) young children with severe sensory impairments, such as blindness or deafness and (2) caregivers were not able to make a time commitment for the training phase. This study was reviewed and approved by the Chang Gung Medical Foundation Institutional Review Board. This trial was registered in the [www.ClinicalTrials.gov](www.ClinicalTrials.gov): NCT02527499. The parents provided written informed consent before their children participated in the study.

Procedure {#S2-2}
---------

The children were divided into two groups: the treatment group (a hospital-based, ride-on car use combined with social training program) and the control group (home education program without the use of a ride-on car). This was not a randomized controlled trial due to a practical reason: the research team wanted to provide treatments for the participants within a reachable geographical area and in compliance with the treatment schedule. Once the participant was enrolled in the study and assigned to a treatment group, the research team modified a toy car based on each participant's capabilities during the pre-intervention phase, e.g., seat and steering wheel modifications. The control system included switch and joystick activations (Figure [1](#F1){ref-type="fig"}) as used in the previous studies ([@B18], [@B19]). The caregivers or therapist could use a wireless joystick as a shared controller to provide assistance in making turns and participate in the interactive training program without stopping or interrupting the child's driving ([@B31]). Participants in both groups continued their regular therapy throughout the whole study, including physical, occupational, and speech therapies.

![The modified ride-on toy car.](fped-05-00299-g001){#F1}

### Intervention {#S2-2-1}

#### Treatment Group (Ride-On Car Training Program) {#S2-2-1-1}

The ride-on car training sessions were conducted at Taoyuan Chang Gung Memorial Hospital using public spaces (e.g., hallways, garden, and food court). The training program was developed based on the previous studies ([@B18], [@B23]). The research team and caregivers discussed the training goal with the OT who conducted the program for 2 h/session, 2 sessions/week for a total of 9 weeks. The 2-h intervention session included the following: (1) natural play as a warm up activity (15 min); (2) mobility and social training without cars (30--45 min); and (3) mobility and social training with cars (60--75 min). All the details of treatment sessions were based on the expected independent mobility and social function goals set by caregivers in the Goal Attainment Scaling (GAS) after the pretest. The 30--45 min individualized treatment program involved motor skills training related to mobility and social impairments, such as postural stability, postural control, and social engagement. Simultaneously, the caregivers learned how to identify their child's difficulties and how to apply remedies at home. The subsequent 60--75 min driving session involved the participants learning cause--effect concepts by driving the toy car (i.e., pressing the switch for moving and releasing it for stopping). The therapist and caregivers then used verbal prompts to encourage children to drive and explore the surrounding environment.

An adult-directed social training principle ([@B23]) was integrated into the car play session. The social-interactive activities were graded based on the participants' current social function. First, one-on-one instruction was used to teach participants how to perform desired social behaviors (e.g., greeting, gestures, or vocalizations) using demonstrations and physical guidance. Second, the therapist and caregivers guided the participant to perform desired social behaviors while meeting people in the hallway or in the stores. Encouragements were expressed explicitly and loudly to compliment the participant's achievement as positive feedback. Finally, participants were directed to accomplish social interaction tasks, such as sharing toys with other adults or children he/she met during driving or collecting stickers from employees in the stores. In addition, to enhance parent--child relationships, several games were developed to provide opportunities for practicing social interaction with family members (e.g., hide and seek, peekaboo, "I see you," and role play games).

#### Control Group (Home Education Program) {#S2-2-1-2}

The control group received a Chinese educational booklet with general guidelines for increasing their child's motor and social functions at home. The booklet included guidelines in three main domains: socialization, mobility, and motivation, which were the goals of this home program. Each guideline was graded with different activities and the general principle was similar to the treatment group, which focused on performing desired social behaviors, providing encouragement, and accomplishing social interaction tasks. The therapist would set up goals with the parents through the use of the GAS and provide advice to the caregivers on which activities were appropriate to start with after the pretest. The therapist also suggested a treatment intensity of 35 min/day, 7 days/week during the 9-week intervention. The therapist called the caregivers every week to answer relevant questions, provide suggestions and confirm compliance. The caregivers kept an activity log, including home training duration and their child's emotional reactions. The participants continued their regular therapy throughout the whole study, including physical, occupational, and speech therapies.

### Follow-up {#S2-2-2}

This period involved 9 weeks following the above treatment programs, during which time no treatment programs were delivered to the participants except for their own regular therapy.

### Assessment {#S2-2-3}

The Chinese version of the Pediatric Evaluation of Disability Inventory (PEDI-C) ([@B32]), which quantifies self-care, mobility, and social function in children aged 6 months to 7 years, was used to examine the mobility and social functions in both groups ([@B33]). The PEDI-C is a parent report and is a reliable and valid assessment tool, which is especially useful for tracking changes in functional skills ([@B32], [@B33]). Each domain can be used separately ([@B34], [@B35]). For the purposes of this study, we have only shown the scaled scores for the functional skills section of mobility and social domains in Section "[Results](#S3){ref-type="sec"}." The scaled scores vary within the range of 0--100; the higher the score is, the higher the difficulty level of the task the child could perform. The scaled scores enable the comparison of children's abilities on the same scale regardless of age ([@B36]). The change in PEDI-C scores using 11 as the cutoff point determines the clinically meaningful and functional changes ([@B37]).

Parenting stress level and goal achievement were assessed using the Parenting Stress Index Short Form (PSI/SF) and Goal Attainment Scaling (GAS). The PSI is a tool with excellent validity and reliability (0.55--0.80) ([@B38]) designed to measure the overall level of parenting stress experienced by parents/caregivers of children aged between 1 month and 12 years. In addition, GAS is a family-centered, criteria-referenced, responsive tool ([@B39]). It has good validity and excellent inter-rater agreements with ICCs of 0.90 or above ([@B40], [@B41]). The therapist set functional goals with the client and divided the goal into five grades: −2 (current level of performance); −1 (less than desired outcome); 0 (desired outcome) to +1 (greater than expected outcome); and +2 (much greater than expected outcome). The raw score can be converted into *T*-scores to see if the participant achieved their expectations. A *T*-score of 50 indicated that the participant accomplished the desired outcome.

In addition, we used an activity log to record the child's performance, treatment duration, his/her emotional reactions, the family's perceptions on the training program, and its' effects on play and family interactions every week during the intervention phase for both groups. The activity log was mostly qualitative data that involved parents' descriptions except for the treatment duration every day.

Statistical Analysis {#S2-3}
--------------------

Normality of the data was examined using Kolmogorov--Smirnov and Shapiro--Wilk tests ([@B42]). Due to the normal distribution of the data, the independent *t*-test and chi-square test were used to compare demographic data in the two groups. The effects of the two programs were evaluated using repeated measures analysis of variance \[group (2) × time (3)\] with the outcome measures as the dependent variables, except for the GAS scores. The overall interaction (group × test session) allowed testing of whether the time course differed between groups. In the case of a significant interaction, time and treatment effects were further analyzed using the pairwise *post hoc* Bonferroni test separately at each time point with *p* value of 0.017. Due to the two GAS sessions in two groups (pretest and posttest), we used paired and independent *t*-tests to compare the mean differences of goal achievement within and between groups. An α level of 0.05 represented a significant difference. All analyses were performed using Statistical Package for Social Science version 22.0 software (SPSS Inc., Chicago, IL, USA).

Results {#S3}
=======

Participants {#S3-1}
------------

The demographic data of the 29 young children are shown in Table [1](#T1){ref-type="table"}, including age, sex, diagnosis, height, weight, and the amount of regular therapy and additional therapy received each week. On average, the treatment group \[15 participants, mean (SD) age: 18.53 (7.69) months\] received 104 min/week of regular therapy and 240 min/week of ride-on car training, whereas the control group \[14 participants, mean (SD) age: 18.14 (7.33) months\] received 121.25 min/week of regular therapy and 200.33 min/week of home therapy. No significant difference was found between the treatment and control groups regarding these variables, including age, sex, and the amount of regular therapy and additional therapy received each week (Table [1](#T1){ref-type="table"}).

###### 

Demographic data.

                                                               Treatment group (*n* = 15)   Control group (*n* = 14)   *t*     *p*
  ------------------------------------------------------------ ---------------------------- -------------------------- ------- ------
  Mean age-month (SD)                                          18.53 (7.69)                 18.14 (7.33)               0.14    0.89
  Diagnosis, *n* (%)                                                                                                           0.32
   Developmental delay                                         11 (74%)                     9 (65%)                            
   Cerebral palsy                                              2 (13%)                      2 (14%)                            
   Others                                                      2 (13%)                      3 (21%)                            
  Gender, *n*                                                                                                                  0.56
   Male                                                        7 (47%)                      5 (36%)                            
   Female                                                      8 (53%)                      9 (64%)                            
  Regular treatment time in minutes per week (SD)              104 (66.95)                  121.25 (78.32)             −0.64   0.53
  Ride-on car or home training time in minutes per week (SD)   240 (0)                      200.33 (123.73)            0.75    0.07

Mobility, Social Function, and Parenting Stress Levels {#S3-2}
------------------------------------------------------

Table [2](#T2){ref-type="table"} and Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"} present the results of mobility, social function, and parenting stress levels assessed using the PEDI-C and PSI during pretest, posttest, and follow-up test. No significant differences were found between the treatment and control groups regarding mobility (*p* = 0.76), social function (*p* = 0.51), and caregiver stress levels (*p* = 0.86) during pretest. Table [2](#T2){ref-type="table"} shows the means for the treatment and control groups at each time point, i.e., the pretest to immediate posttest and posttest to follow-up differences for all measures. For the mobility function measured by PEDI, there was a 7.69 (5.86) and a 4.45 (7.52) increase for the treatment and control groups, respectively, at posttest (Figure [2](#F2){ref-type="fig"}A). A main effect of testing session was seen for both treatments and the *post hoc* test only showed a significant difference for pretest and posttest scores (*p* \< 0.01).

###### 

Comparisons on mobility, social function, and parenting stress levels between the two groups.

                         Pretest, mean (SD) (95% CI)      Posttest, mean (SD) (95% CI)     Follow-up, mean (SD) (95% CI)    Group effect, *p* value (partial η^2^)   Testing session effect, *p* value (partial η^2^)   Interaction effect, *p* value (partial η^2^)
  ---------------------- -------------------------------- -------------------------------- -------------------------------- ---------------------------------------- -------------------------------------------------- ----------------------------------------------
  PEDI_Mobility          *p* = 0.48 (0.019)               *p* \< 0.01 (0.414)              *p* = 0.58 (0.020)                                                                                                           
  Treatment (*n* = 15)   16.64 (10.99) (10.55, 22.73)     24.33 (11.49) (17.97, 30.69)     27.31 (13.99) (19.57, 35.06)                                                                                                 
  Control (*n* = 14)     15.40 (10.48) (9.35, 21.45)      19.85 (12.08) (12.87, 26.83)     23.92 (14.22) (15.71, 32.13)                                                                                                 
  PEDI_Social Function   *p* = 0.74 (0.004)               *p* \< 0.01 (0.422)              *p* = 0.03 (0.123)                                                                                                           
  Treatment (*n* = 15)   19.35 (13.89) (11.66, 27.05)     31.21 (11.45) (24.87, 37.55)     31.81 (14.16) (23.97, 39.65)                                                                                                 
  Control (*n* = 14)     22.73 (13.24) (15.08, 30.38)     26.34 (14.41) (18.02, 34.66)     28.71 (14.08) (20.58, 36.85)                                                                                                 
  PSI_Total Scores       *p* = 0.11 (0.091)               *p* = 0.32 (0.042)               *p* \< 0.01 (0.211)                                                                                                          
  Treatment (*n* = 15)   101.40 (21.13) (89.70, 113.10)   88.93 (22.50) (76.47, 101.39)    91.87 (19.17) (81.25, 102.48)                                                                                                
  Control (*n* = 14)     102.71 (18.85) (91.83, 113.60)   107.79 (22.26) (94.93, 120.64)   107.43 (21.68) (94.91, 119.95)                                                                                               

*PEDI, Pediatric Evaluation of Disability Inventory; PSI, Parenting Stress Index*.

![Mean ± SEM scaled scores of PEDI for both groups. **(A)** Mobility. **(B)** Social function. ^a^Difference is significant (*p* \< 0.05) between two groups.](fped-05-00299-g002){#F2}

There was a significant time × group interaction for the PEDI social function (*p* = 0.03). The *post hoc* tests indicated that in both groups, children had a better social function score at the posttest and follow-up than in the pretest (*p* \< 0.01). The social function scores improved significantly, with 11.85 and 3.61 points at posttest for the treatment and control groups, respectively (Figure [2](#F2){ref-type="fig"}B). The pairwise *post hoc* test showed significantly more treatment effects on social function for the ride-on car training program compared with the home education program (*p* = 0.01).

For parenting stress levels, a significant time × group interaction for PSI total scores was observed (*p* \< 0.01). The *post hoc* tests indicated that in the ride-on car training group, the caregivers had significantly lower stress levels at the posttest than at the pretest (*p* = 0.01) (Table [2](#T2){ref-type="table"}; Figure [3](#F3){ref-type="fig"}). In the control group, no significant difference was observed between the three testing sessions. In addition, pairwise comparisons indicated that the ride-on car training produced better effects on decreasing parenting stress than the home education program (*p* \< 0.01).

![Mean ± SEM total scores of PSI for both groups. ^a^Difference is significant (*p* \< 0.05) between two groups.](fped-05-00299-g003){#F3}

Goal Achievements {#S3-3}
-----------------

Both groups had significant improvements in goal achievements after receiving the 9-week intervention (treatment: *p* \< 0.01, control: *p* \< 0.01) (Table [3](#T3){ref-type="table"}). However, only the treatment group exceeded the expected level of goal performance at posttest (*T*-score of 50). Furthermore, the ride-on car training group made greater progress than the home education group, as indicated by significant group differences in their *T*-score at posttest (*p* \< 0.01).

###### 

Comparisons on Goal Attainment Scaling (GAS) between the two groups.

                         Pretest, mean (SD) (95% CI)   Posttest, mean (SD) (95% CI)
  ---------------------- ----------------------------- ---------------------------------------------------------------------------------------------------
  Treatment (*n* = 15)   22.54 (7.83) (18.20, 26.88)   62.11 (10.39)[^a^](#tfn1){ref-type="table-fn"}^,^[^b^](#tfn2){ref-type="table-fn"} (56.35, 67.86)
  Control (*n* = 14)     21.80 (1.68) (20.79, 22.82)   43.99 (13.93)[^b^](#tfn2){ref-type="table-fn"} (35.57, 52.40)

*^a^Difference is significant (*p* \< 0.05) between two groups*.

*^b^Difference is significant (*p* \< 0.05) within the group*.

Self-Developed Activity Log {#S3-4}
---------------------------

The family's compliance of ride-on car and home education program remained high throughout the intervention phase. The treatment group had the intensity of 240 min/week for a total of 9 weeks during intervention. From the activity log, the duration of home education group varied from 0 to 50 min/day (mean 200.33 ± 123.73 min/week) due to a child's or a family's condition, e.g., sickness or vacation. Twelve participants of the treatment group (80%) and seven participants of the control group (50%) provided detailed descriptions regarding their children's performances and emotions during the intervention. From their feedback, the caregivers of the treatment group reported that their children had more self-initiated movements, improved cognition, and were willing to interact with family members more than before. The caregivers of the control group reported that their children tended to stay in the same place for the first 5 weeks and they spent much time encouraging them to move and play. Children started to move more after 5 weeks; however, they still tended to sit or lay on the floor to play overall.

Discussion {#S4}
==========

The use of modified ride-on toy cars as a type of PMD has become an innovative, alternative option to enhance early independent mobility and psychosocial function in young children with disabilities. These cars are light weight, low cost, customized, and attractive compared with power wheel chairs ([@B24], [@B43]). This is the first two-group design study that included a 9-week follow-up phase and examined the effects of combining ride-on car training with a family-centered, adult-directed, social interaction program on mobility and social functions in young children with disabilities in the hospital environment. The findings showed significant improvements in mobility and social functions in both the ride-on car training and home education groups after a 9-week intervention. In particular, the ride-on car training group had significantly more positive changes with regard to social function than the home education group. In addition, with significantly decreased parenting stress levels and increased goal achievement scores, the advantages of integrating this family-centered service concept into treatment programs are clear. The combination of ride-on car use with a family-centered, structured, social interaction program in the hospital environment is feasible and beneficial for facilitating mobility and social functions in young children with disabilities.

A ride-on toy car is an assistive device for young children with disabilities to travel around ([@B24], [@B43]). Combined with a social skill training program, it provides increased opportunities for socialization and varied contexts that may help to promote acquisition of social skills ([@B23], [@B44]). The current results on mobility and social functions are consistent with previous studies, which emphasize the benefits of PMDs to assist young children with disabilities to move freely, be more active in their environment, and learn the consequences of their actions ([@B14], [@B18], [@B19], [@B21], [@B45]). The treatment effects are also supported by feedback obtained from the caregivers in the treatment group. They reported on our self-developed activity log that children became more active and their self-initiated movements increased after gaining independent mobility with the ride-on cars. By contrast, according to the responses provided by caregivers in the control group, half of the children did not show any intention to move during the first 5 weeks and the caregivers spent the most time encouraging and teaching the child how to move.

Although the caregivers' feedback from the two groups was different, we found similar effects on mobility function in the treatment and control groups. The dose--response relationship between ride-on car use and mobility function, and the inability to transfer the mobility skills from one context to another may be the two reasons relating to the current finding ([@B23], [@B46]). Ragonesi et al. ([@B23]) suspected that combining a structured, adult-directed, social training program might affect the progress of mobility function due to the focus on increasing socialization over mobility. Our finding of significantly more increased social function in the ride-on car training group provides evidence for this assumption. In addition, the lack of toy cars at home may partially explain that although the participants in the ride-on car training group were independent drivers in the hospital environment during intervention, they did not automatically transfer this level of mobility to daily life during follow-up. By contrast, participants in the control group may have continued their mobility skills practice during the follow-up phase due to the learned strategies from the educational booklets. The decreased change scores on mobility in the treatment group during the 9-week follow-up phase supports this speculation, while similar change scores were observed in the control group during the intervention and follow-up phases. With these outcomes and possible explanations, we propose that future research may identify the various "dose--response" relationships between the amount of mobility and social skills training and changes in the related functions during early PMD use combined with a social interaction training program.

In addition, Smith ([@B47]) found that combining family-centered service with social--emotional intervention could enhance the parent--child interaction and thus decrease caregivers' stress levels. Our study results support this finding. In the ride-on car training combined with social interaction program, the therapist and the caregivers both developed some social games involving the ride-on car to provide the participants with opportunities to interact with family members (e.g., hide and seek, peekaboo, "I see you," and role play games), which might have positive impacts on the quality of parent--child interaction and improve caregiver perceptions of their child's capabilities. The significant improvements in social function and parenting stress observed in the ride-on car training group during the intervention, not the follow-up phase, provides evidence to support the effects of combining a family-centered services model with a ride-on car training program for improving social function of the children and lowering parenting stress of the caregivers. As a comparison, the control group also had the opportunities to discuss with the therapist once every week; however, the consultation time was less than the treatment group and the non-randomized recruitment method may relate to the heterogeneity of the participants regarding socioeconomic status and developmental levels, which may be the factors contributing to the observed outcome of parenting stress. The socioeconomic levels of the parents are identified as an important predictor of successfully completing such telephone-assisted intervention ([@B48], [@B49]). The lack of relevant information in the control group, i.e., actual consultation time, demographic data, and feedback from all the caregivers, may limit our in-depth discussion on this aspect. To increase the rigorous level of evidence, future studies should consider using randomized recruitment method and incorporating feasible tools, e.g., mobile technology over the Internet, to provide immediate feedback of treatment locations and cost, and quantified value of consultation time objectively ([@B50], [@B51]).

Of note is that only the ride-on car training group achieved expected functional goals and they had greater goal achievements than the home education group, verifying the benefits an integrated program for improving functional skills and family function in young children with disabilities, as suggested by previous studies ([@B18], [@B19], [@B45]). Studies report that limited mobility and social functions are the important factors relating to caregivers' stress and the functional improvement in mobility may become a determining factor for lowering caregivers' stress levels ([@B11], [@B52]). Combining the technique of family-centered service (i.e., coaching) into ride-on car training programs is beneficial for decreasing caregivers' stress levels and achieving the expected family goals ([@B18], [@B20], [@B53]). The methods include teaching the caregivers to be sensitive to their child's behaviors or performance and responding to them properly during intervention. Caregivers' involvement in the ride-on car training program allows them to have discussion with the therapists, practice the techniques, express their opinions, and observe the behavioral changes in their children directly ([@B18], [@B53]). Although the control group had the opportunities to discuss with the therapist once every week and showed improvements, the consultation time was less than the treatment group, which may have impacts on the treatment effects. Future studies could combine assessment tools (e.g., the application of relevant questionnaires or semi-structured interviews) to examine parental perceptions of their child's capabilities and daily function and its impacts on early PMD training.

Limitations {#S4-1}
-----------

There are some limitations in this study. First, our study suggests that the combination of ride-on car use and a structured, adult-directed, social program or home education program can be effective; however, we did not analyze the effect of frequency of mobility and social function training on the magnitude of treatment effects. Future studies should use an activity log to record durations of movement and social interaction to investigate the various dose--response relationships between ride-on car use and mobility and social functions. Second, the lack of control over the received therapy in the follow-up phase in the home education group may have contributed to the differences observed in this study. To examine the dose--response relationship discussed earlier, future studies should consider the relevant factors (dose, intensity, and environment) and design a matched, control group with no additional therapy provided in the follow-up phase. For example, a comparison with the same dose and intensity of ride-on car training and conventional therapy in the same location, e.g., physical therapy or occupational therapy focusing on mobility and social functions, may be applied to provide detailed information regarding the efficient treatments on mobility and socialization. Third, sample size restricted our ability to generalize the results to all young children with motor disabilities. In addition, non-randomized recruitment method may result in differences in developmental and socioeconomic levels between the two groups, which may further impact the observed outcomes ([@B14], [@B17]). A larger sample with different developmental and socioeconomic levels with a randomized controlled trial design is suggested to enable a complete and rigorous examination of this topic.

Conclusion {#S4-2}
----------

Despite the increasing number of studies on using PMDs for enhancing mobility and overall development, there is still limited evidence on the impacts of independent mobility and psychological development in young children with disabilities ([@B14], [@B27], [@B54]). To facilitate participation in play in different environments, Livingstone and Paleg's Delphi study ([@B17]) suggested that the development of inexpensive, light weight, child- and family-friendly PMDs is needed. Our findings show the significance of incorporating mobility device training with the social interaction programs to advance social function in young children with motor disabilities. Furthermore, the transition of service delivery from an expert-centered service to a family-centered service is an important concept to maximize the treatment effects. The overall findings of this study will provide clinicians a novel, low cost, and fun option to use in a hospital-based environment for improving young children's mobility and social functions.
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